Previously we found that the organic components in scallop shell promote lipolysis in differentiated 3T3-L1 and C3H10T1/2 adipocyte cells, and that incorporating scallop shell powder into the diet of rats reduced the amount of white adipose tissue. In this study, we used RT-PCR to investigate the effect of ingesting scallop shell powder on the gene expression profile of uncoupling proteins (UCPs) regulating energy metabolism in rats.
Scallop is one of the major marine products in Hokkaido, Japan. Approximately 300,000 tons per year of scallop shells are generated as industrial waste in this region of Japan alone. We have been engaged in research to utilize scallop shells efficiently as a useful natural resource. The scallop shells consisted of 98-99% calcium carbonate and 1-2% organic compounds. Previously, we studied the in vitro and in vivo effect of organic components isolated from scallop shells and discovered several interesting biological activities. The organic components from scallop shells showed growthpromoting activity for skin fibroblast cells and skin keratinocyte cells in vitro, 1, 2) and enhanced the rate of recovery from UV-induced injury in vivo.
3) In addition, the organic components promoted a marked increase in lipolysis activity in differentiated 3T3-L1 and C3H10T1/2 adipocyte cells in vitro. Moreover, rats fed a diet that included powdered scallop shell had greatly reduced weight of white adipose tissue. 4) These results suggest that organic components isolated from scallop shell may have applications as cosmetic materials or food supplements.
The mitochondrial uncoupling protein, UCP1, uncouples H þ -concentration gradient from ATP synthesis in brown adipose tissue, resulting in a dissipation of energy as heat. 5) UCP1 expression in brown adipose tissue is known to be a significant component of whole-body energy expenditure, and its dysfunction contributes to the development of obesity.
6) UCP2 and UCP3, in common with UCP1, can also partially uncouple mitochondrial respiration. Expression of UCP2 and UCP3, unlike that of UCP1, is not limited to brown adipose tissue. UCP2 is widely expressed in many different tissues, 7, 8) whereas UCP3 is mainly expressed in skeletal muscle and brown adipose tissue, 9) but, it is not known whether UCP2 and UCP3 also participate in thermoregulation. [10] [11] [12] It is now well established that the 3 adrenergic pathway is a major component in the adrenergic regulation of thermogenesis and lipolysis. 13 ) Selective 3 -adrenergic agonists are known to induce the expression of UCP-1, which is specific for brown adipose tissue, leading to the activation of thermogensis and an increase in energy expenditure. 6, 14, 15) Conjugated linoleic acid (CLA) has also been shown to reduce body fat mass in various experimental animals, including mice and rats, by increasing energy expenditure. [16] [17] [18] CLA up-regulates the expression of UCP2 mRNA in brown adipose tissue and skeletal muscle, 19, 20) but the mechanism for lowering body fat mass remains unclear.
To investigate the mechanism by which scallop shell powder induces a loss in weight of white adipose tissue, we analyzed changes to the gene expression profile of proteins regulating energy metabolism in both white and brown adipose tissue.
Materials and Methods
Preparation of scallop shell powders. Scallop shells were isolated from Patinopecten yessoensis. The shells (about 200 g) were cleaned and brushed to remove adhering material and then crushed to a fine powder of the size that could be homogeneously mixed in the diet using a grind mill (Tescom, Tokyo).
Animals and diets. Male Wistar rats (5 weeks old) were purchased from Hokudo (Sapporo, Japan). They were housed individually in a room at [15] [16] [17] [18] [19] [20] C and at approximately 50% relative humidity under a 12/12-h light/dark cycle, fed on a basal diet, and provided water for a week after their arrival. They were cared for according to the ''Guidelines of Experimental Animal Care'' issued by the office of the Prime Minister of Japan. After an acclimatization period, the rats were randomly divided into three groups (five rats in each group) and fed the basal diet containing either 3.3% calcium carbonate or scallop shell powder, as described previously. 4) All the rats were maintained on their respective diets for 5 weeks. The composition of the experimental diet was (in wt. %) casein, 20; corn starch, 15; corn oil, 5; AIN-76 mineral mixture, 5; AIN-76A vitamin mixture, 1.0; L-cysteine, 0.3; choline, 0.2; sucrose, 50.15; and calcium carbonate or the scallop shell powder, 3.35 (each diet containing calcium carbonate or the scallop shell powder contained 1.5% calcium), calcium carbonate-and the scallop shell powder-free diet was also used as a basal diet. The rats were fed with the defined diets at 10 g/d and allowed free access to water. The food intake was restricted to 10 g/d in this experiment to ensure an equal energy intake, and rats were checked daily for consumption of all of the diet (10 g). At the end of the experimental period, the rats were anesthetized with chloroform, and the epididymal white adipose tissue and brown adipose tissue were quickly excised. Blood was collected using a 1-ml syringe, and the serum was isolated by centrifuging the blood at 5;000 Â g for 5 min.
RNA analysis. mRNAs of white and brown adipose tissue were purified using an RNeasy rapid tissue mini kit (Qiagen, CA, USA) according to the manufacturer's protocol. After first strand cDNA synthesis from 1 mg of mRNA using oligo (dT) primer, PCR was carried out using 0.05 mg of cDNA template and specific sense and antisense primers of actin, UCP-1, UCP-2, and UCP-3 in a final volume of 25 ml. The primer sequences used for detection of actin, UCP1, UCP2, and UCP-3 were as follows: forward, 5 C for 1 min. The intensities of amplified bands were estimated using NIH image software. The levels of UCP1, UCP2, and UCP3 mRNA expression were normalized to that of actin mRNA.
Leptin concentration in serum. Serum leptin concentration was measured using a rat leptin ELISA kit (BBridge International, CA, USA).
Result and Discussion
Reduction of leptin concentrations in serum by feeding scallop shell powder
We previously reported that rats fed a diet that included powdered scallop shell had a reduced weight of white adipose tissue as compared with calcium carbonate-supplemented-diet-fed rats. 4) In this evaluation, the rats were fed a diet supplemented with the scallop shell powder including the organic components, or with calcium carbonate as a control, as described in ''Materials and Methods.'' The scallop shells consisted of 98-99% calcium carbonate and 1-2% organic components. Therefore, the calcium carbonate-supplemented diet as control was employed to detect the effect of the organic components. In addition, the calcium carbonate diet and the scallop shell powder-free diet (basal diet) as control was also used to detect the effect of dietary calcium carbonate. It was difficult to prepare a sufficient amount of the organic components that were required for the experiments, because only 100-500 mg (dry weight) of the organic components can be obtained from 200 g of scallop shells.
4) The effects of a diet supplemented with calcium carbonate or scallop shell powder is shown in Table 1 . There were no significant differences between a basal diet and a diet supplemented with calcium carbonate on initial and final body weights, organ weights, or adipose weights. However, the weights of the white adipose tissues tended to decrease in the rats fed calcium carbonate. The diet supplemented with scallop shell powder produced a reduction in body weight and white adipose weights, as reported previously. Here, we measured the changes in serum leptin concentration after feeding scallop shell powder to confirm the effect of dietary scallop shell powder. Leptin is believed to regulate body-weight homeostasis and energy balance. The circulating leptin level was found to be proportional to adipose tissue mass. 22, 23) The serum leptin concentration in the scallop shell powder-fed rats was only about 30% of that found in calcium carbonatesupplemented or basal diet-fed rats (Fig. 1) , suggesting that scallop shell powder induces a significant decrease in the weight of adipose tissue. This result suggests that scallop shell powder induced a decrease in the weight of white adipose tissue and a concomitant decrease in serum leptin concentration.
Changes in mRNA expression levels by feeding scallop shell powder
We investigated the mechanism for the reduction in weight of white adipose tissues in the scallop shell powder-fed rats by analyzing the expression levels of UCP mRNAs involved in the regulation of energy metabolism. At the end of the experimental period (week 5), the epididymal white and brown adipose tissue was quickly excised and mRNA was isolated from the tissue as described in ''Materials and Methods.'' First we measured the mRNA expression levels of UCP1 and UCP2. The PCR primers were selected from a computer-based alignment of the corresponding sequence of rat genes. The mRNA levels, estimated by semi-quantitative RT-PCR, were corrected against expression of the -actin gene. The amplification cycles were determined based on the relationship between the amount of PCR product detected and the cycle number. Results were expressed as a percentage by arbitrarily assigning the value for rats fed the basal diet at 100%. Dietary scallop shell powder did not affect the mRNA expression level of UCP1 in brown adipocytes (Fig. 2) . However, the level of UCP2 mRNA in rats fed the scallop shell powder-supplemented diet was only about 70% of that for rats fed the basal control diet. In contrast, dietary scallop shell powder increased the expression levels of UCP1 and UCP2 mRNA in white adipose tissue (Fig. 3) . The UCP1 mRNA in white adipose tissue was barely detectable in the basal diet-fed rats, whereas significant expression was found in the dietary scallop shell powder-fed rats. Up-regulation of UCP1 expression in brown adipocyte has been reported to increase energy expenditure, leading to a reduction in fat mass. A number of studies have shown that 3-adrenoreceptor agonists induce expression of UCP1 not only in brown adipose tissue, but also in white adipose tissue. Indeed, the appearance of brown adipocyte-like cells in white adipose tissue upon stimulation of 3-adrenoreceptors has been reported. [24] [25] [26] [27] UCP1 expression in white adipose tissue can lead to an increase in energy expenditure via the generation of heat. In fucoxanthin-fed mice, the expression of UCP1 increased in white adipose tissue, but not brown adipose tissue, Ã shows p < 0:05 by Student's t-test relative to the value of a basal diet or a calcium carbonate supplemented diet. and the weight of white adipose tissue decreased. 28) Maeda et al. suggested that the antiobesity effect of fucoxanthin is due to alterations in the UCP1 expression level in white adipose tissue. The antiobesity effect in the scallop shell powder-fed rats might also have been due to UCP1 expression in white adipose tissue. Adult humans have very little brown adipose tissue, and most fat is stored in white adipose tissue. Therefore, expression of UCP1 in white adipose tissue can lead to a greater increase in energy expenditure than up-regulation of UCP1 in brown adipose tissue. Expression of UCP1 in white adipose tissue was also detected in the calcium carbonate-fed rats. Thus calcium carbonate might also contribute to the expression of UCP1 mRNA, but the UCP1 mRNA expression level in the calcium carbonate-fed rats was much lower than that in the scallop shell powder-fed rats, suggesting that the upregulation of UCP1 mRNA expression was induced mainly by organic components in the scallop shell powder.
The expression level of UCP2 in rats fed the scallop shell powder-supplemented diet was about 1.7 fold greater than in rats fed the calcium carbonate-supplemented or basal diet. Recent studies have demonstrated the involvement of UCP2 in the regulation of free radical or insulin secretion rather than in thermogenesis, 29) but several studies have demonstrated a genetic linkage between the UCP2 locus and the resting metabolic rate, 30, 31) suggesting that changes in UCP2 expression can regulate adiposity by affecting the energy balance. In the present study, the underlying mechanism of the observed increase in UCP2 mRNA levels in white adipose tissue and the decrease in UCP2 mRNA levels in brown adipose tissue after supplementing the diet with scallop shell powder is unclear. UCP3 mRNA expression was also investigated in brown adipose tissue, but scallop shell powder had no effect on the expression of UCP3 mRNA in brown adipose tissue (data not shown).
In this study, we found that dietary scallop shell powder induces an increase in the level of UCP1 and UCP2 mRNA in white adipose tissue, but not in brown adipose tissue. Selective 3 adrenoceptor agonists are known to increase UCP1 mRNA levels in both white and brown adipose tissue. 24) Takahashi et al. showed that CLA increases UCP2 mRNA expression in brown adipose tissue. 20) But, the mechanism for the reduction in the weight of white adipose tissue induced by feeding scallop shell powder appears to be different from that caused by either a 3 adrenoreceptor agonist or CLA.
We cannot rule out the possibility that scallop shell powder partly act to prevent absorption of nutrients from the small intestine, resulting in a reduction in body weight and the weights of white adipose tissues, but dietary scallop shell powder changed the expression levels of UCP mRNAs involved in the regulation of energy metabolism. In addition, the diet supplemented with calcium carbonate did not produce a reduction in the body weights or white adipose weights. These results suggest the possibility that components in the scallop shell might have contributed to the reduction in the weights of white adipose tissues through induction of the expression of UCP1 in white adipose tissue.
In this study, we found that a diet supplemented with scallop shell powder induces gene expression of UCP1, which regulates energy metabolism in white adipose tissue. Our results suggest that scallop shells contain an active component with antiobesity properties. In the future, to exclude the influence of calcium carbonate, an in vivo experiment using shell organic components or purified bioactive component will also be necessary.
